Purpose. The aim of this study was to compare the effects of stabilization and general exercises on pain, disability and postural stability variables in patients with spondylolisthesis. Methods. 24 patients randomly assigned into the stabilization (n=12) and general exercise (n=12) groups. Both groups performed the exercises 2 times a week for a period of 2 months. Visual analogue scale (VAS) and Quebec back pain disability questionnaire were used to assess the pain and functional disability, respectively. Postural stability has been evaluated using a force platform with eyes opened and closed while standing on firm and foam base of support. The parameters were the mean total velocity (M-V) and the SD of velocity in sagittal (SD-Vy) and frontal (SD-Vx) plan. Results. There was a significant decrease in VAS and Quebec in both stabilization and general exercise groups (P= 0.001, P< 0.001 for VAS and P= 0.001, P= 0.001 for Quebec respectively). From postural stability parameters only SD-Vx has increases significantly in general exercise group (P= 0.008). More increase was observed in M-V variable in the stabilization group (P <0.001). Conclusions. Pain and disability were improved in both stabilization and general exercise groups but postural stability variables was not changed in different directions in stabilization group.
INTRODUCTION
A condition in which a vertebra slips forward against the caudal one with or without the separation of posterior elements is called spondylolisthesis (SPL) (1) . Approximately about two to six percent of the general population is affected by this disorder (2) . SPL is a clinical expression of segmental instability, meaning that there is an increase in the range of the neutral zone around the spinal segment that may be caused by a trauma or degenerative changes (3) .
Among the three subsystems providing spinal stability (including active, passive and neural), the active component (muscles) is very important when the others are disrupted. Different muscles can control and protect the spinal segments (4) , which consist of the local and the global muscle stabilizer and mobilizers (5) . Global muscles are generally targeted in conventional exercise therapy (6) . However, the local stabilizers are thought to be more effective in the case of segmental instabilities such as SPL as
The effect of segmental stabilization exercises in patients with spondylolisthesis they are very useful in preserving the suitable position of the lumbar segments during trunk movements (7) . Studies investigating local stabilization exercises in SPL (7) or chronic LBP (8) , have shown positive effects on pain and disability for these types of treatments. The presence of chronic back pain also may impair the overall performance and neural system which in turn affects balance (postural stability) (9) . Postural stability is described as the capability of controlling the center of mass (COM) regarding the base of support (BOS) (10) . Pain or proprioceptive impairment associated with lumbar spine defects can cause stability deficiencies (11) . Therefore, reduction in the pain and/or improvement of proprioception in these patients could have positive effects on regaining optimal postural balance. The treatment approach for SPL includes non-surgical and surgical methods. Non-surgical treatment is the primary approach to SPL and may involve subcategories such as pain relief modalities, stabilization or general exercises, postural correction, and life style modification (12) . It has been reported that exercise programs are the most effective component of non-surgical care in patients with SPL. Despite the positive outcomes of surgical treatment, patients undergoing surgery experience secondary complications, such as iatrogenic SPL, decreased vertebral arch and mobility, sagittal imbalance, and increased adjacent segment stress (transitional syndrome). Previous studies have suggested that non-surgical treatment may reduce the need for surgery in patients with SPL (12) . Some previous studies have shown postural stability deficits in LBP patients and the effect of stabilization exercises on postural stability in chronic LBP (13) . Despite vast variety of studies investigating the exercises, choosing a specific type is still an issue for the clinicians and sometimes depends on their clinical opinions (14) . Therefore, the aim of this study was to compare the effects of segmental stabilization exercises along with general exercises on pain, disability and static postural stability in SPL patients.
METHODS

Subjects
A total of 120 LBP patients with the diagnosis of low grade SPL were referred by a neurosurgeon from 31 July 2016 till 7 Sep 2017 to the physiotherapy clinic of the rehabilitation faculty of Tabriz, Iran. The study protocol is approved by Ethics Committee of the Tabriz University of Medical Sciences, registered in IRCT (http://irct.ir/ ; IRCT2016091029771N1). The study design was controlled by CONSORT checklist for RCTs and was conducted in accordance with the guidelines of the Declaration of Helsinki principles. Also, this study meets the ethical standard of the journal (15) . Patients were given verbal and written information about the study purpose and main steps. Those who signed the consent letter were included in the study provided that they met these criteria: (1) low back pain with or without pain in the lower extremities lasting more than three months (2) radiological diagnosis of grade one or two SPL and (3) aged between 20 to 60 years old male or female. Patients were excluded from the study if they had: (1) history of spinal surgery, (2) history of low back exercise therapy in the last three months, (3) pregnancy, (4) central nervous system (CNS) disorders (5) vestibular disorder (the participants were asked if they have dizziness and had been tested with repeated head rotation by the therapist). The flow diagram is shown in figure 1.
Interventions
After enrollment, 24 subjects have met the inclusion criteria and were randomly assigned into two groups of stabilization exercises (SE) (n=12) and general exercises (GE) (n=12). Simple randomization method was made using blocks. Allocation to the groups was blind and random. Every patient was treated two sessions a week, lasting 8 weeks. The exercise protocol was done, supervised and progressed by a trained therapist. The patients followed the same protocol every day at home. Electrotherapy was done every session for both groups, including 20 -minute TENS (frequency=100 hertz, pulse duration=70 microseconds) and hot pack on the lower back. The study was conducted as a double blind method. The patients were blinded about the types of treatment and the assessor was a person who had not any role in training of the subjects.
Stabilization exercises
The objective of these exercises are to re-educate the stability muscles group (9) . Pressure biofeedback was used to train each patient how to use their transversus abdominis in the exercises. It was necessary for the first session and then, the exercise protocol started which had three different stages with progression (table I). The patients had to hold each exercise about 5 to 10 seconds, three times a day and each time 10 repetitions for each exercise. Each session included an exercise to previous exercises for the patient to learn all the exercises within a month, then repeat them for the second month (9) . 
General exercises
Stretching, strengthening and flexion types of exercises were chosen for this group (16) , since they are mostly known as general type (6) . Stretching exercises were held 15 to 30 seconds, the others were held 5 to 10 seconds and each was done 10 times a day. The exercises included, (1) single and double knee to chest, (2) hip flexors stretch, (3) hamstring stretch, (4) piriformis stretch, (5) heel slide, (6) bridging, (7) partial and diagonal curl up and (8) leg cycling.
OUTCOME MEASURES
Primary outcomes: (pain and disability)
Pain and functional disability were assessed by Visual Analogue Scale (VAS) and Persian version of Quebec back pain questionnaire (QBPQ), respectively before and after the intervention. The high reliability of these questionnaires have been reported (17) .
Secondary outcomes: Postural stability variables
Static postural balance was measured using a force platform (Kistler, Version 4.0.x, and Type 2812 A, Switzerland). COP parameters in this study were mean total velocity (M-V), standard deviation of velocity in the anteroposterior direction (SD-Vy) and standard deviation of velocity in the mediolateral direction (SD-Vx). The procedure was explained to each patient and done in a quiet place with natural temperature. The patients had to stand barefoot, comfortable (not stiffening their body and avoiding unnecessary movements at the same time). The participants were asked to place foot with shoulder span at free angle and hands hanging beside the body. The subjects were asked to look only at the front. Five seconds were counted for the patients to adapt to the condition before starting recording the four conditions:
Standing with eyes open (EO), eyes closed (EC) on firm and standing with EO/EC on the foam base of support. Before each test, the force plate had been calibrated and it was set at 200 Hz of sample frequency and 10 Hz low pass filter to prevent high frequency noise. Each recording lasted 30 seconds, three times for every condition and the patients were given one minute to rest between each condition.
Statistical analysis
Data analysis has been done using the SPSS software 16 (SPSS Inc., Chicago, Illinois, USA) at the 0.05 level of significance. The normality of the data was determined by Kolmogorov-Smirnov (K-S). Where the data was non-normal, logarithmic transformation was done before other analyses. To define the homogeneity of the two groups at the beginning of the study, independent t-test and chi-square tests, and for comparison of the parameters before and after the intervention in each group, the paired t-test were used. Linear mixed model as a covariance structure based on Autoregressive 1(AR1) was applied to analyze and compare COP variables. Estimation of the parameters was done by Restricted Maximal Likelihood Method (RMLM).
RESULTS
Twenty-four patients with grade one lumbar spondylolisthesis were enrolled, 21 of which completed the study. Descriptive statistics of patients is presented in table II. There were no significant differences between groups in demographic data at the beginning of the study. The data except for SD-Vx (P<0.05) had normal distribution (P>0.05).
PRIMARY OUTCOMES (PAIN AND DISABILITY)
There was a significant decrease for VAS in both the SE and GE after the intervention (mean dif. = 3.09 ± 1.88, P= 0.001 and mean dif. = 2.77 ± 1.36, P< 0.001 respectively), but between group analysis showed no significant difference (mean dif. = 0.6 ± 0.394, P= 0.175) (table III) .
The Quebec score showed a significant decrease after intra group analysis in the SE and GE (mean dif. = 18.2 ± 12.39, P= 0.001 and mean dif. = 19 ± 12.6, P= 0.001 respectively). III) .
Secondary outcomes (Postural stability)
In the SE group, SD-Vy variable, had an increase about 0.005 m/s after intervention, which was not statistically significant (P = 0.410). There was also a slight increase in other variables M-V and SD-Vx, which was not significant (P = 0.132 and P= 0.268 respectively) (table IV).
In the GE group, there have been a significant increase about 0.109 m/s in SD-Vx after intervention (P= 0.008) (figure 2). A slight decrease was observed in M-V and SD-Vy (in contrast with the SE group) which did not reach a significant level (P = 0.27 and P= 0.884 respectively) (table V) .
Based on the Mixed Model Analysis after intervention, the mean of M-V and SD-Vy variables in SE group, were 0.017 and 0.011 m/s, respectively, more than that of GE group, which was statistically significant (P = 0.012 and P <0.001 respectively) (figure 3 and 4) .
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DISCUSSION
Pain and disability
The results of this study showed a significant decrease in pain and disability in both SE and GE groups after the intervention. There was more improvement in pain in the SE group compared to the GE group, and for disability in favor of GE group. However, it was not statistically significant, and therefore cannot be indicative of superiority of one type of exercise against another. Clinically it seems that SE can be helpful in cases in which the segmental stability of the spine is damaged (7) . According to Richardson and Jull (18) , training the stability muscles with sub-maximal contraction can ameliorate pain and disability in patients with mechanical back pain. The protocol should be integrated and progressed to combine with main daily activities (18) .
The results of the current study were similar to those of O'Sullivan et al. (1997) which concluded that stabilizing exercises improve pain and disability in SPL patients (7) . In other similar studies there was a significant positive effect for pain (19, 20) , and disability (19) for stabilizing exercises, as well as both stabilizing and conventional exercises in which the stabilization was superior (20) . Contrary to their result, we observed no significant between-group differences after the intervention. Studies investigating chronic LBP have demonstrated a positive effect of the combination of SE and GE (13, 21, 22) . Nevertheless, no difference has been observed between these treatment methods. The findings of the current study associated with pain and disability were in line with Cairns, Foster, and Wright (2006) . The authors stated that, this lack of difference could give rise to increased stability in both groups, or increased general activity of participants (21) .
As other studies, this study also had some limitations. The mean pain in both groups was moderate and a specific range of pain was not considered. Data from patients with low pain at the beginning of the study may have had an impact on the outcome. Follow up could be helpful in comparing the sustainability of the treatment effect between the two groups, which was not the case in this study. Also this was a pilot study, thus low sample size could limit the conclusion and may be a reason for the lack of a significant difference between groups. Since the majority of patients were female, the results of this study cannot be generalized to the whole society.
Postural Stability
Pain and disability questionnaires are subjective tools so they are not only related to the patient's physical recovery, but also a combination of emotions , culture, and patient beliefs (22) . Therefore, it would be better if the effect of treatment is assessed by using other objective methods such as postural stability evaluation. In the present study, the velocity of the COP displacement significantly increased only in GE (SD-Vx) group but the trend of changes before and after intervention is different in two groups; mean velocity (M-V) is decreased in GE group and increased in SE group (of course it was not statistically significant). With the reduction of pain and disability, it was expected that the velocity of the COP displacement in SPL patients would be reduced, but the results contradicted this. One of the possible causes is the presence of rigidity in patients due to fear of pain-induced movement at the beginning of the study. According to Brumagne et al. (2008) COP may be controlled under simple test conditions in LBP patients, probably by developing a rigid posture or using more ankle strategy (23) . As van Dieën et al. (2003) reported, increasing muscle activity in order to enhance the spinal stiffness, thereby improving its stability, is seen in LBP patients (24) . Hence, after the treatment, pain relief might have made the patients stand somewhat more comfortable.
A recent study has reported the effects of back muscle weakness on degenerative spondylolisthesis and it showed weakness of back muscles can lead to or aggravate degenerative spondylolisthesis by increasing forward shear forces (25) . So, back muscles strengthening exercise may improve spinal biomechanics from biomechanical point of view. Indeed, this study may help to prove this hypothesis from clinical point of view because we had strengthening component of back extensors in SE group and we had better results for reducing spinal stiffness and improving postural stability in SE group. On the other hand, increased muscular co-activation may reduce the ability and the rate of the body's response to perturbations of the environment, thus increasing the risk of falling (26) . There should be a normal amount of exploratory movements for the COP to retain proper postural stability. Several studies have shown that there is reduced COP velocity in LBP patients compared to healthy subjects (27) . So, it may not always be possible to state that the increase in the velocity of the COP means the diminution of the postural control and may also indicate the patient's ability to restore the COP to a more stable position faster. With that in mind, the SE group, have benefited a bit more from the treatment in case of postural stability. Based on current knowledge, there are no other studies on postural stability in SPL patients. Previous studies in non-specific chronic low back pain patients, mostly have considered the increase in COP parameters as a reduction in postural stability (28) . In view of that, these results were in contrast with another study which illustrate the positive effects of SE and/or GE on postural stability (29) . After the intervention, an escalation was observed in all three velocity variables in the SE group. In the GE group, the increment was only in the frontal plane (which was significant), and there was a slight decrease in other two SD-Vy and M-V variables. From this point of view, our results also contradicted the study of Koumantakis et al. (2005) who have indicated a significant improvement in the COP variables in favor of stability exercises, although they did not use the velocity parameters (22) .There is more reliance on ankle than lumbar proprioception inputs (23) , and improvement in a group of LBP in which the patients used more lumbar muscles inputs has been observed (30) . Accordingly, it is inferred that an impairment in the proprioception via deficit in information from the lumbar multifidus (as one of the important sources of lumbar proprioception), the diminution of sensory information to the CNS (COP sway control will be less accurate) or alteration in muscle activation pattern, may cause a decrease in the ability of the CNS to change its strategy. Hence, when retraining these muscles, CNS may better adapt and switch the strategy, and better control of the COP velocity movements be provided. Providing a detailed explanation and exercise training in both groups are the positive aspects of the present study
The effect of segmental stabilization exercises in patients with spondylolisthesis which are not well achieved in the control group in some studies. In both stabilizing and general exercises, power, strength, and endurance must be considered (16) . Stabilization exercises are integrated with individual's active daily living (ADL) in addition to these three items. It can reduce the stress to the spine arising from ADL before returning to work. In other words, it makes the spine ready to cope with these types of stress (16) . Muscle stretching, which has been performed in the GE group, can make the patients have an effective spinal alignment during other main exercises, thereby improving muscular and functional performance (16) . These reasons may have contributed to the similarity between the results of the SE and GE in the current study. Some studies have reported that the SE increase the global and local muscles activity, and it is very difficult to isolate them (31) . Koumantakis et al. (2005) stated that, accurate and precise performances of the SE are not feasible for all patients, while GE do not require much attention (22) . In the current study, we checked the accuracy of the exercises in the clinic with a pressure biofeedback, but the patients had not the device at home, and it was not certain that how long and how correctly it has been done. This maybe another reason which has weakened other positive effects of SE.
CONCLUSIONS
In this study, there was no difference between groups after intervention; both SE and GE reduced pain and disability in low grade SPL patients and no change in postural stability parameters. To surely address the postural control changes, further studies with the Electromyography synchronizing can determine whether the increase or decrease of COP variables are in line with the improvement or worsening of symptoms.
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TRAINING PROTOCOL
The protocol lasted eight weeks. Patients visited the physiotherapy clinic two times a week. The first session began with exercise number one for patients in each group and every session one new exercise was added to the previous exercises. Five to ten seconds based on the patient's tolerance was counted for each exercise and the repetition was 10 times a day. All the exercises were finished in the first month and then, the 8 exercises were repeated for the second month. Electrotherapy included a 20-minute TENS (frequency= 100 Hertz, Pulse duration= 70 microseconds) with a hot pack put on the lower back region. Correct postural mechanisms during daily activities were also taught for both groups.
APPENDIX 2
STABILIZATION EXERCISE (SE) GROUP
There are eight main exercises for this group which are classified in three subgroups. Patients in SE group learned two other basic exercises before the main protocol. This learning session included abdominal hollowing in the supine and prone position which was necessary for other main exercises.
a) Abdominal hollowing in supine position
Patient was in crook-lying position. Pressure biofeedback was put beneath the lower back (between L1 to S1) and set on the 40 mmHg. The Patient were taught to pull in his/ her stomach toward his/her back and head. No unneces-sary movement (e.g. pelvic tilt) should be seen and breathing must be gentle and normal during this exercise. Training was repeated till the patient learned the exercise (an increase of 10 mmHg in pressure biofeedback). A slight contraction about 30 percent of maximal voluntary contraction (MVC), was sufficient and patient was asked to count to ten a bit loudly.
b) Abdominal hollowing in prone position
The patient was in prone position with the hands alongside the body. Pressure biofeedback was put beneath the abdomen in a way the umbilicus met the middle part, and the lower edges touched the anterior superior iliac spine (ASIS) in both sides. The patient was asked to be completely relax before beginning, so we could detect the amount of pressure change in relation to breathing. Then, the subject was pulling in his/her lower abdomen. The exercise was considered correct if: (1) 4-10 mmHg decrement, (2) no global muscle contraction should be seen (we checked this with the palpation of abdominal wall), (3) there should be no unnecessary movement in the pelvic and/or the spine. Patients were asked to do this exercise at home with a pillow beneath the abdomen till the first session.
GENERAL EXERCISE (GE) GROUP
This protocol consisted of 8 stretching, strengthening and flexion exercises.
(1) single and double knee to chest, (2) hip flexors stretch, (3) hamstring stretch, (4) piriformis stretch, (5) heel slide, (6) bridging, (7) partial and diagonal curl up and (8) leg cycling. 
